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Assistant Commissioner for Patents 
United States Patent and Trademark 
Office 
Box PCT 

Washington, D.C.20231 
ETATS-UNIS D'AMERIQUE 

in its capacity as elected Office 


Date of mailing (day/month/year) 
23 October 2000 (23.10.00) 


International application No. 
PCT/CAOO/00251 


Applicant's or agent's file reference 
571-615 


International filing date (day/month/year) 
10 March 2000(10.03.00) 


Priority date (day/month/year) 
19 March 1999(19.03.99) 


Applicant 

DOVICHI, Norman, J. . — — — ^^HZ^I 



1 . The designated Office is hereby notified of its election made: 

|"x] in the demand filed with the International Preliminary Examining Authority on: 

1 2 September 2000 (12.09.00) 



[ | in a notice effecting later election filed with the International Bureau on: 



2. The election Q<] was 

| | was not 

made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 



Rule 32.2(b). 





Authorized officer 


The International Bureau of WIPO 


R. E. Stoffel 


34, chemin des Colombettes 


1211 Geneva 20, Switzerland 




Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 


Form PCT/IB/331 (July 1992) 
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From the INTERNATIONAL SEARCHING AUTHORITY 



To: 



BERESKIN & PARR 

40 King Street West 

40th Floor 

Toronto, Ontario M5H 3YZ 
CANADA 



PCT 



NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL SEARCH REPORT 
OR THE DECLARATION 

(PCT Rule 44.1) 




Date- of mailing 

(dayfmantWyear) J 8/07/2000 



Applicant 

THE GOVERNORS OF THE UNIVERSITY OF ALBERTA 



1 E The applicant* hereby notified that the International Search Report has been established and is transmitted herewith. 

Tn iT P =^ oi me ,n,ernationa ' /vpp, * ,ea,ior, <see Rule 46,1 



Where" 5 Directly to the International Bureau of WIPO 
34. chemin des Colombettes 
121 1 Geneva 20, Switzerland 
Fascimile No.: (41-22) 740.14.35 



For more detailed Instructions, see the notes on the accompanying sheet. 

2 r-l The applicant is hereby noHfiedtha.no International Search Report will be established and that the declaration under 

I I Article 17(£)(a) to that effect is transmitted herewith. 

3 □ With » "~ P~»" >»>—"• " <"" f ""* " 

Q no decision has been made yet on the protest; the applicant will be notilied as soon as a decision is made. 

4 Further action/.*): The applicant is reminded of the following: 

' Shortly after 1 B months Irom the priority date, ^—-i^ 

completion of the technical preparation* tor international publicat.on. 

priority date or could not be elected because they are not bound by Chapter ». 



Mame and mailing addresa of the international Searching Authority 

European Patont OHI^, P.P. &818 D»r-ntU»n O 
NL-2280 HV Rljswijk 

Tel. (+3 W0) 340-2040, Tx. 31 651 epo rtl, 
Fax: (+31-70) 340-3016 



Authorized officer 

Jacinta Reddy 



Form PCT/ISA/220 (July 1996) 



NOTE FORM PCT/ISA/220 

Theae Note, are intended - +. *. b- « ^ct^r"^ 
Note, are based on th. '^f™™*' »" h " ,h e ^lTid«ho;L reaui^mente. (he latter are applicable. For mere 

,n t he,e Note,. and W refer to ,h. p«,vi.ion. o, the P C T, the PCT Regulate and the PCT 

AdminiBtrativd Instructions respectively. 

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19 

The app-c-r. ho,, a«-r having received the i"^ 0 "*^ 
■rf-matioTal application. » ^ h ~°r" ™»* 
deacriplion and drawnga) may t» Bm«rtd*ddunnflp .he mtwnw ■ n« applicant wants the latter to be pub rahed 
no needto file amendment, o *e ^m B under Arf.c<° 9 »« *.o" amending lhe*!uma before international pbul.cat.on. 



What part* ol the Intematlorwl application may bo amended? 

Under Article 19, only the claima may be amended. 

Article 34 fc»for» the International Examining Authority. 

Upon entry into the national phaae. aj. pan. o. the international option may be amended under Article 2B 
or, where applicable. Article 41 



When7 



WW* 2 month, frornthe date o, 

dale, whichever time limrt e*p.rea later. It B ^ uld .^~'™' n °r~^,; o "" Bureau after the Ration ol the 

(Rule 46.1). 



Where nol to Me th* am«i»dmenls? 

Th* amendment- may only be filed with th- International Bureau and not with the reding Office or the 
International Searching Authority (Rule 46.2). 

Where a demand tor international prelim.nary „amir»at.on ha. been/i. filed. »ee belo-. 



How? 



Either by canceling one or more entire daima. by adding on. or more new claims or by amending the text o. 
one or more of the claims as filed. 
A replacement ehee, must be aubmntad .or ea<* sheet o, the d-ima which, on account ot an amendment or 
amendment, differ* from the sheet originally tiled. 

tarenumtered consecutively (Administrative Inatruct.on., Seouon 205(b)). 

The amendment. mu,. be made In the langu^e .n which thalnt-matlonal a P p..-Uen U « be publ.ahad. 

What doeume-nU must/may accompany th» amendment*? 
Letter (Section 209(b)): 

The amendment* must be oubmttted with a letter. 
Is French, the letter ln Frenctl * 



Notes to Form PCTVtSA/220 (first oheet) (January 1994) 
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S TO FORM PCT/ISA;220 (conllnu 



. _,. , ^ i*« M ^„ B koiM/AMn the claims as filed and the claim* as amended. It must, in 

^.1^^^^ app, "'" Uon (it ^ Mod 

mat identical indications concerning several claim* may be grouped), whether 
(j) the olaim ia unchanged; 
(ii) the claim ia cancelled; 
((ii) (he claim ia new; 

(iv) the elaim replaces one or more claims as filed; 

(v) me elaim rt the result of the division ol a claim aa filed. 

The following ..ample- Illustrate the manner In which amendment, must he e-tplalned In the 
accompanying letter: 

1 (Where originally *>«•« 48 c,aims and aHer amendment of some claims there ^are! ^ J- 
Kl. 1 S 29. 31 , 32, 34. 35, 37 t. 46 replied by tended claim, beanng the same numtora, 
claims 30. 33 and 36 unchanged; new claims 49 to 51 added 

2 (Where originally there were 1 5 claims and after amendment of ail claim* there Mil): 
"Claima 1 to 1 5 replaced by emended claims 1 to 1 1 . 

3. (Where originally there were 1 4 claim-, and .he amendment* consist in cabling eome claim, and in addina 

•C^matti 6 and 14 changed; claim, 7 «o 13 cancelled. r»- claim. IS. .6 and 17 'added ' or 
■cZZl 7 to 13 canceled; new o| a ,ms I S. 16 and 17 added; all other ola.m. unchanged. 

claim 1 4; claim 1 7 subdivided into amended clams 1 5, 1 6 and 1 7, new claims ^anoii 

"Statement under article 1 d<1 )" (Rule 46.4) 

^ _ . _ ; tm j a statement explaining the amendments and indicating any tmpact 

£ ^^^7^ rawing, (which cannot *. amende, under 

Article 19(1)). 

The alatemont will be published with the international eppticat.on and fhe amended claims. 
It muet b* In th« language In which the International application Is to bo published. 

It muat be brief not exceeding 500 words if in English or if translated into English 

preferably by using the words "Statement under Article 19(1). 

report may be made only in connection with an amendment of thai claim. 



Consequence rf a demand for International preliminary examination has already been filed 

If at the time of Wing any amendments under Article 1 9, a demand for international Prailm.nar^^ 
has already been submiLd the applicant must preferably, at the same t,me of filing the amendments wrth the 
^T^lXr^, also file a «£y of such amendments with the Intemat.onal Prehm.nary 6xam,ning 
Authority (»eo Rule 62.2(a), first sentence) 

cons-cjuenco wrth regard lo translation of trie International application for entry Into the national phase 

The apptieanfe attention », drawn to the fact mat. where gantry Into the n J^^^^^^°^ 
claimTas amended under Article 19 may have to be furnished to the da seated/elected Offices, tnstead ol. or 
in addition to, the translation ol the claims as filed. 

For f unher details on the requirements of each do*ignaled/*lected Of**, see Vo.ume II of the PCT Applicant s 
Guide. 
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PATENT COOPERATION TREATY 

• PCT 



INTERNATIONAL SEARCH REPORT 



(PCT Article 1 8 and Rules 43 and 44) 


Applicant's or agent's file reference 

571-615 


cr»r» ci IDTHFR see Notification of Transmittal ot International toaarcn nepori 
l-Uri run 1 ncn , Form pct/ISa/220) as well as, whore applicable, item 5 below. 

ACTION 


International application No. 

PCT/CA 00/00251 


International filing date (day/momh/year) 

10/03/2000 


(Earliest) Priorny uato (aay/momrvyearj 

19/03/1999 


Applicanl 






THE GOVERNORS OF THE UNIVERSITY OF ALBERTA 







This International Search Report ha, been prepared by this '«^g^ h ^ * * *™ 

accordinci to Article 1 8. A copy is being transmitted to the International Bureau. 



This International Search Report consists of a total of 



sheets. 



[T] It is also accompanied by a copy of each prior art document cited in this report. 



1. Basle ofth» report . 

a With regard to the language, the international search was carried out on the baste of the internat.onal appl.cat.on in the 
language in which it was filed, unless otherwise indicated under this .rem. 

n the international search was carried out on the basis of a translation of the international application furnished to this 
1 — 1 Authority (Rule 23. 1 (b)). 

p. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing : 
| | contained in the international application in written form. 
|~~| fjied together with the international application In computer readable form. 
Q furnished subsequently to this Authority in written form. 
[ [ furnished subsequently to this Authority In computer readble form. 

n the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
— international application as filed has been furnished. 

□ the statement that the information recorded in computer readable form is identical to the written sequonco listing has been 
furnished 

2 Q Certain claims were found unsearchable (See Box I). 

3 Q Un,ty ° f lrwentlon ,s lackln 3 < see Bqx 

4. With regard to the title, 

[XI the text is approved as submitted by the applicant. 

| 1 the text has been established by this Authority to read as follows; 



Wlih regard to the abstract, 

1X1 the text is approved as submitted by thB applicant. 

H the text has been established, according to Rule 38.2(b), by this Authority as it appears in Bo* III. The ^PP^t may, 
□ K7nwlh from the date of mailing of this international 3 earch report, subm.t comments to this Authority. 



6 The figure of the drawings to be published with the abstract is Figure No. 

ml None of the figures, 
aa suggested by the applicant, I — I 

|~] because the applicant failed to suogest a figure. 

| | because this figure better characterizes the invention. 
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NT COOPERATION TREATY 

PCT 



INTERNATIONAL SEARCH REPORT 

(PCT Article 1 8 and Rules 43 and 44) 



Applicant's or agent's file reference 

571-615 


erkO CI I OTH P P see Notification of Transmittal of International Search Report 
l-UM run i ncn m pCT/ | SA/2 20) as well as, where applicable, item 5 below. 
ACTION 


International application No. 

PCT/CA 00/00251 


International filing date (day/month/year) (Earliest) Pnority Date (day/month/year) 

10/03/2000 19/03/1999 


Applicant 

THE GOVERNORS OF THE UNIVERSITY OF ALBERTA 



This international Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 1 8. A copy is being transmitted to the International Bureau. 

This International Search Report consists of a total of 3 sheets. 

\t\ It is also accompanied by a copy of each prior art document cited in this report. 



1 . Basis of the report 

a 



With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 

n the international search was carried out on the basis of a translation of the international application furnished to this 
L — ' Authority (Rule 23.1(b)). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing : 

contained in the international application in written form, 
filed together with the international application in computer readable form, 
furnished subsequently to this Authority in written form, 
furnished subsequently to this Authority in computer readble form 



□ 
□ 
□ 
□ 

□ 

□ 
□ 



the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

the statement that the information recorded in computer readable form is identical to the written sequence listing has been 

furnished 

Certain claims were found unsearchable (See Box I). 
Unity of Invention Is lacking (see Box II). 



4. With regard to the title, 

[X| the text is approved as submitted by the applicant. 

| | the text has been established by this Authority to read as follows: 



5. With regard to the abstract, 

IXI the text is approved as submitted by the applicant. 

rn the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box »<-Jhe applicant may, 
□ iroS UonTetaie of mailing of this international search report, submit comments to this Authority. 

6. The figure of the drawings to be published with the abstract is Figure No. 1 

E^t. *u i. * I I None of the figures, 

as suggested by the applicant. I — I 

[ | because the applicant failed to suggest a figure. 

| | because this figure better characterizes the invention. 



Form PCT/ISA/210 (first sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 
"7/447 



IPC 7 G01N27/ 



International Application No 



PCJ 



00/00251 



> Internationa l Pat ent Classification (IPC) or to both national classification and IPC 

SEARCHES 

►cumentation 

i"pc 7 GO IN 



According to I 

B. FIELDS SEARCHED 

' Minimum documentation searched (classification system followed by classification symbols) 



Documentation searched other than minimum documentation 



to the extent that such documents are included in the fields searched 



Electronic data base 



consulted during the international search (name of data base and. where practical, search temns used) 



| C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category ° 



Citation of document, with indication, where appropriate, of the relevant passages 

US 5 240 577 A (J0RGENSON JAMES W ET AL) 
31 August 1993 (1993-08-31) 

column 2, line 31-46; figure 2 
column 5, line 64 -column 9, line 59 

WO 95 33989 A (PERKIN ELMER CORP) 
14 December 1995 (1995-12-14) 
page 8, line 23 -page 13, line 16; figure 

page 17, line 20 -page 18, line 3 

WO 97 12995 A (PERSEPTIVE BI0SYSTEMS INC) 
10 April 1997 (1997-04-10) 
page 22, line 11-19 

-/~ 



Relevant to claim No. 

1-5,7,8, 
10,11, 
13-15,21 



1-8, 

10-16,21 



|"Y| Further documents are listed in the continuation of box C. 

° Special categories of cited documents : 

B A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

»O n document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 

Date of the actual completion of the international search 

11 July 2000 

Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 

Form PCT/IS A/210 {second sheet) (July 1992) 



ID 



Patent family members are listed in annex. 



T" later document published after the internabona filing da e 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X B document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

-&" document member of the same patent family 

Date of mailing of the international search report 

18/07/2000 

Authorized officer 



Muller, T 



page 



1 of 2 



INTERNATIONAL SEARCH REPORT 



International Application No 



PC, 



' C.(Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



00/00251 



Category • 



Citation of document, with indication.where appropriate, of the relevant passages 



US 5 110 431 A (M0RING STEPHEN E) 
5 May 1992 (1992-05-05) 
figure 5 

US 4 459 198 A (MIZUNO T0SHIE ET AO 
10 July 1984 (1984-07-10) 
figure 5 



FormPC17IS/W210 (continuation of second sheet) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

i patent family members 



Inform; 



Patent document 
cited in search report 



Publication 
date 



International Application No 

PCjA 00/00251 



Patent family 
member(s) 



US 5240577 A 31-08-1993 US 5131998 A 



W0 9533989 



14-12-1995 



AU 
EP 
US 



2550395 A 
0763197 A 
5798032 A 



W0 9712995 A 



10-04-1997 



EP 
JP 



0854937 A 
11512617 T 



US 5110431 A 



05-05-1992 



DE 69124305 D 

DE 69124305 T 

EP 0469146 A 

WO 9113346 A 



Publication 
date 



21-07-1992 

04-01-1996 
19-03-1997 
25-08-1998 



29-07-1998 
02-11-1999 



06-03-1997 
12-06-1997 
05-02-1992 
05-09-1991 



US 4459198 


A 


10-07-1984 


JP 
JP 


1451594 
58019550 


C 
A 


25-07-1988 
04-02-1983 








JP 


62058460 


B 


05-12-1987 








JP 


1451778 


C 


25-07-1988 








JP 


58019551 


A 


04-02-1983 








JP 


62058461 


B 


05-12-1987 








JP 


1451595 


C 


25-07-1988 








JP 


58019552 


A 


04-02-1983 








JP 


62058462 


B 


05-12-1987 








JP 


1486796 


C 


14-03-1989 








JP 


58076751 


A 


09-05-1983 








JP 


63034427 


B 


11-07-1988 








DE 


3270957 


D 


12-06-1986 








EP 


0070963 


A 


09-02-1983 



Form PCT/1SA/210 {patent family annex) (Juty 1992) 



TENT COOPERATION TR 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 




Applicant's or agent's file reference 
571-615 



See Notification of Transmittal of International 
FOR FURTHER ACTION Preliminary Examination Report (Form PCT/IPEA/416) 



International application No. 
PCT/CA00/00251 



International filing date (day/month/year) 
10/03/2000 



Priority date (day/month/year) 
19/03/1999 



International Patent Classification (IPC) or national classification and IPC 
G01N27/447 



Applicant 

THE GOVERNORS OF THE UNIVERSITY OF ALBERTA et al. 



1 . This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 6 sheets, including this cover sheet. 

□ This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 



3. This report contains indications relating to the following items: 



I 




Basis of the report 


II 


□ 


Priority 


III 


□ 


Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 


IV 


□ 


Lack of unity of invention 


V 




Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 






citations and explanations suporting such statement 


VI 


□ 


Certain documents cited 


VII 




Certain defects in the international application 


VIII 




Certain observations on the international application 



Date of submission of the demand 
12/09/2000 


Date of completion of this report 
08.06.2001 


Name and mailing address of the international 
preliminary examining authority: 

European Patent Office 

A$\ D-80298 Munich 

Jg/' Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 


Authorized officer /^^b°**^!\ 

Miiller.T \l // 
Telephone No. +49 89 2399 2285 



Form PCT/I PEA/409 (cover sheet) (January 1994) 



INTERNATIONAL PRELIMINARY prT/PAnn/nopm 
EXAMINATION REPORT International application No. PC I7UA00/QQ251 

I. Basis f the report 

1 With regard to the el ments of the international application (Replacement sheets which have been Wished to 
' the receiving Office in response to an invitation under Article 14 are referred to in this report as originally filed 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)). 
Description, pages: 

1 -28 as originally filed 

Claims, No.: 

1-21 as originally filed 

Drawings, sheets: 

1/5-5/5 as originally filed 



2 With regard to the language, all the elements marked above were available or furnished to this Authority in the 
' language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3 With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 



Form PCT/lPEA/409 (Boxes I-Vlll, Sheet 1) (July 1998) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/CA00/00251 



□ the drawings, sheets: 

□ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 9,17-20 

No: Claims 1-8,10-16,21 

Inventive step (IS) Yes: Claims 

No: Claims 1-21 

Industrial applicability (IA) Yes: Claims 1 -21 

No: Claims 



2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question 
claims are fully supported by the description, are made: 
see separate sheet 



Form PCT/IPEA/409 (Boxes l-VIII, Sh et 2) (July 1998) 



INTERNATIONAL PRELIMINARY International application No. PCT/CA00/00251 
EXAMINATION REPORT - SEPARATE SHEET 



Reference is made to the following documents: 

D1: US-A-5240577 
D2: WO-A-9533989 



Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

Novelty: 

1 D1 discloses a two-dimensional separation system, comprising a liquid 

chromatography column having an outlet port; a capillary electrophoresis capillary 
having an inlet end and an outlet end; buffer supply means for supplying buffer to 
the capillary; and valve means connecting the capillary inlet end to the 
chromatography column outlet port and to the buffer supply means, the valve 
means switchable between a first configuration providing fluid to the capillary inlet 
end from the buffer supply means and a second configuration providing fluid to 
the capillary inlet end from the chromatography column. Preferably, the system 
further comprises a waste line connected to the valve means, wherein the valve 
means in the first configuration conducts effluent from the chromatography 
column to the waste line (column 2, line 29-42). 

D1 further discloses capillary electrophoresis, an interface chamber, first and 
second power supplies, separation into fractions, passing fractions separately into 
the second separation means, introduction of fluorescent agent, a waste flow 
channel, a fluorescence detector (see figure 2 in conjunction with its description). 

2. D2 discloses apparatus and methods for automated multidimensional 

electrophoresis of sample molecules, wherein the improvement includes a means 
for coupling two capillary electrophoresis tubes such that a selected component 
can be transferred from a first CE capillary to a second CE capillary. 

D2 discloses first and second capillary (56,1 16), a transfer cell (80), a valve 
manifold (150) first and second power supplies (60,92), see figure 1 and page 8, 



Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 1997) 



INTERNATIONAL PRELIMINARY International application No. 

EXAMINATION REPORT - SEPARATE SHEET 



PCT/CA00/00251 



line 23 -page 13, line 16). 

D2 discloses isoelectric focusing (IEF) and sieving electrophoresis (page 17, 
20- page 18, line 3). 

As a consequence the subject-matter of present claims 1-8,10-16, and 21 is 
novel over the prior art according to either D1 or D2 (Article 33(2) PCT). 



Inventive Step: 

1 The subject-matter of claims 9 and 1 7-20 is related to details which are well 

established in the field. A skiled person would employ these features according to 
the cicumstances without the employment of an inventive step (Article 33(3) PCT). 



Re Item VII 

Certain defects in the international application 

1 Independent claims are not in the two-part form in accordance with Rule 6.3(b) 
PCT, which in the present case would be appropriate, with those features known 
in combination from the prior art (document D1 or D2) being placed in the 
preamble (Rule 6.3(b)(i) PCT) and with the remaining features being included in 
the characterising part (Rule 6.3(b)(ii) PCT, see also the PCT Guidelines, lll-2.3a). 

2. The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

Re Item VIII 

Certain observations on the international application 

Although claims 1 , 4, and 21 have been drafted as separate independent claims, 
they appear to relate effectively to the same subject-matter and to differ from each 
other only in respect of the terminology used for the features of that subject- 
matter. A similar argument would apply with respect to independent method 
claims 10 and 13. The aforementioned claims therefore lack conciseness. More- 
over, lack of clarity of the claims as a whole arises, since the plurality of in- 
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dependent claims makes it difficult, if not impossible, to determine the matter for 
which protection is sought, and places an undue burden on others seeking to 
establish the extent of the protection. 

Hence, the claims as a whole do not meet the requirements of Article 6 PCT. 

2. The statements in the description in lines 20-26 on page 28 imply that the subject- 
matter for which protection is sought may be different to that defined by the 
claims, thereby resulting in lack of clarity (Article 6 PCT) when used to interpret 
them (see also the PCT Guidelines, lll-4.3a). 
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(54) Title: AUTOMATED 2-DIMENSIONAL ANALYSIS OF BIOLOGICAL AND OTHER SAMPLES 
(57) Abstract 



A method and apparatus are provided 
for separation and detection of components 
within a sample, particularly biological sam- 
ples. The sample is subject to a first separa- 
tion technique, for example isoelectric focus- 
ing, electrophoresis or the like. After this first 
separation step, the sample is separated into 
fractions, and each fraction is then subject 
to a second separation technique, which for 
example can be some form of chromatogra- 
phy, the components leaving the second sep- 
aration step and then detected. This enables 
a two-dimensional separation technique to 
be applied, wherein the two separation tech- 
niques are different, for example isoelectric 
focusing and an SDS/gel capillary technique. 
The first and second separation techniques are 
conveniently carried out in first and second 
capillaries, A further aspect of the invention 
provides a manifold connecting together pairs 
of capillaries, so as to provide multiple dual 
separation systems operated in parallel, for 
example 96 pairs of capillaries. The inven- 
tion is particularly intended to provide high 
solution separation and high sensitivity of de- 
tection for components in biological samples. 
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Title: AUTOMATED 2-DIMENSIONAL ANALYSIS OF BIOLOGICAL 

AND OTHER SAMPLES 

FTFLO OF THE INVENTION 

The present invention is concerned with chromatographic 
5 materials and methods. More particularly, the present invention is 
concerned with high-resolution separation and high sensitivity detection of 
proteins and other biological samples. 



BACKGROUND OF THE INVENTION 

The word proteome was coined in 1995 to refer to the total 

10 protein complement of a genome. The human genome encodes roughly 
100,000 genes, corresponding to a similar number of proteins. Not all genes 
are expressed in all tissues: roughly 10,000 proteins are found in any 
particular cell. The fraction of the proteome that is expressed by an 
organism varies between tissues and in response to the environment. 

15 Single cell proteome analysis offers several important 

advantages. In particular, it is possible to monitor the distribution in the 
expression of protein markers correlated with cancer stage. Like ploidy 
measurements, the distribution of protein expression may have valuable 
prognostic value. Sub-populations of metastatic or therapy-resistant cells 

20 may be identified at an early stage to guide treatment. 

Conventional proteome analysis is performed by two- 
dimensional gel electrophoresis and requires protein from roughly a 
million cells. Accordingly, an improved apparatus and method is required 
to improve resolution and sensitivity, as well as the number of samples 

25 which can be analyzed simultaneously. 

Additionally, there is a new and developing field which 
here will be identified as "molecular cytometry". Cytometry is the study of 
individual cells and their contents, and is often used to characterize tumors. 
Molecular cytometry uses the chemical composition of the cell to affect that 

30 characterization. It has been suggested that protein markers could be found 
that "may allow us to identify not only the presence of cancer but perhaps 
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its malignant potential" (Peters, P., in -Prognostic cytometry and 
cytopathology of prostate cancer, J.P. Karr, D.S. Coffey and W. Gardner, Eds. 
Elsevier; New York, 412-12 (1988)). Also, it has been suggested in 1995 "From 
a therapeutic standpoint, it is highly desirable to increase the diagnostic 
accuracy concerning grade of malignancy and treatment sensitivity of 
tumors. The analysis of total protein patterns of tumor cells from clinical 
material using 2-D electrophoresis provides new information, possibly 
leading to the development of new markers" (Franzen, B. et al. 
Electrophoresis 16, 1087-89 (1995)). 

The present invention focuses on identification of these 
markers. Identifying the molecular alterations that distinguish any 
particular cancer cell from a normal cell will ultimately help to define the 
nature and predict the pathologic behaviour of that cancer cell, as well as 
the responsiveness to treatment of that particular tumor. By understanding 
15 the profile of molecular changes in any particular cancer it will become 
possible to correlate the resulting phenotype of that cancer with molecular 
events. Resulting knowledge will offer the potential for a better 
understanding of cancer biology; the discovery of new tools and biomarkers 
for detection, diagnosis, and prevention studies; and new targets for 
20 therapeutic development (Program Announcement Number PAR-98-067 of 
U.S. National Institute of Health). 

The present inventors have realized that single-cell 
analysis provides several important advantages over analysis of cell 
extracts. First, single-cell proteome analysis provides information on both 
25 the mean and the distribution of protein expression among the cellular 
population. The distribution of DNA content within cancer cells is used as a 
prognostic indicator, where aneuploidy is taken as evidence of an aggressive 
cancer. The distribution of protein marker concentration may provide 
similar diagnostic and prognostic information. 

Secondly, and similarly, the response to a therapeutic agent 
may be monitored across a cellular population. It may prove that 
chemotherapy targets a particular subset of the cell population. If the 



30 
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disappearance of this subset were monitored, therapy can be guided to target 
the surviving cell population. 

Thirdly, ploidy of a cell may be correlated with its protein 
electropherogram. The present invention incorporates an image cytometry 
5 microscope in our system to measure DNA content of individual cells. Cells 
with anomalous DNA content or abnormal cytopathology can then be 

selected for study. 

Fourthly, single-cell protein electropherograms may be 
correlated with cell cycle in cultured cells. The understanding of protein 

10 expression as a function of cell cycle will provide information on gene 
expression and protein turnover. 

Fifthly, single-cell analysis allows the assay of micro- 
dissected tissues without contamination from connective tissue, 
erythrocytes, fibroblasts, etc. These nonmalignant tissues contribute to the 

15 protein electropherogram of large biopsies, making identification of tumor- 
specific markers more difficult. Single-cell analysis, with microscopic 
selection of the cell, ensures that only tumor material is analyzed. 

Lastly, the technology used to analyze single cells can also 
be used to study the small samples generated by fine needle aspirant 

20 biopsies. Surgical biopsies will not be needed in most cases to obtain enough 
material for 2-D proteome analysis. 

Two-dimensional gel electrophoresis is conventionally 
used to study proteomes. O'Farrell developed this classic technique almost 
25 years ago (O'Farrell, P.H., /. Biol. Chem. 250, 4007-21 (1975)). A sample is 

25 homogenized and proteins are extracted and separated by tube isoelectric 
focusing. The gel is removed from the tube and placed on an SDS-PAGE gel, 
where the proteins are separated at right angles to the isoelectric focusing 
gel. After separation, proteins are stained to create a 2-D display of spots 
corresponding to the pi and molecular weight of the proteins. This manual 

30 technology is tedious and somewhat of an art. Components separated by 2-D 
electrophoresis can be identified by Edman protein sequencing, by mass 
spectrometry, or by immunoassay. Often, a partial amino acid sequence is 
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sufficient to identify the protein by comparison with databases. 

Column switching technology is well established in both 
gas and liquid chromatography for analysis of complex mixtures. In the 
simplest system, a fraction containing the component of interest is captured 
5 as it elutes from the first column; this fraction is subjected to additional 
chromatographic separations to achieve the desired level of purity. 

These multidimensional separation techniques can be 
expanded so that the second column sequentially separates all fractions 
from the first column. These 2-D techniques are particularly useful when 
10 characterizing extremely complex samples. An early report used two 
successive chromatographic steps to purify peptides generated from the 
proteolytic digest of a human immunoglobulin (Yamamoto, H., Manabe, T., 
Okuyama, T., /. Chromatogr. 480, 277-83 (1989); Takahashi, N., Takahashi, Y., 
Putnam, F.W. /. Chromatogr. 266, 511-22 (1983)). 
15 Jorgenson and .others have developed elegant 

multicolumn separations for proteins and peptides (Bushey, M.M. and 
Jorgenson, J.W. Anal Chem. 62, 161-67 (1990); Larmann, J.P., Lemmo, A.V., 
Moore, A.W., Jorgenson, J.W. Electrophoresis 14, 439-47 (1993); Holland, 
L.A. and Jorgenson, J.W. Anal Chem. 67, 3275-83 (1995); Moore, A.W. and 
20 Jorgenson, J.W. Anal Chem. 67, 3448-55 (1995); Moore, A.W. and Jorgenson, 
J.W. Anal Chem. 67, 3456-63 (1995); Rose, D.J. and Opiteck, G.J. Anal Chem. 
66, 2529-36 (1994))- These systems rely on various combinations of size 
exclusion chromatography, reversed-phase chromatography, and zone 
electrophoresis to characterize amines, peptides, and proteins. In the most 
25 sophisticated version, a mass spectrometer is used to identify components 
separated by a coupled ion exchange /reversed phase chromatography or 
size- exclusion/reversed-phase chromatography system (Opiteck, G.J., Lewis, 
K.C., Jorgenson, J.W., Anderegg, RJ. Anal. Chem. 69, 1518-24 (1997); Opiteck, 
G.J., Jorgenson, J.W., Anderegg, RJ. Anal. Chem. 69, 2283-91 (1997); Liu, 
30 Y.M. and Sweedler, J.V. Anal. Chem. 68, 3928-33 (1996)). 

In Jorgensons experiments, fractions that elute from a 
microbore chromatography column are sequentially injected into an 



WO 00/57170 



PCT/CAOO/00251 



-5- 

electrophoresis capillary, where overlapping components are resolved. 
Since electrophoresis is faster than the elution time of a chromatographic 
peak, all components from the chromatography column are sampled by the 
electrophoresis capillary. A 2-D electropherogram is reconstructed by 
5 plotting the electrophoresis separations next to each other. The appearance 
of the electropherogram is quite similar to a classic 2-D electropherogram, 
albeit generated by combining liquid chromatography with capillary 
electrophoresis. 

The sequential separation offers several advantages over 
10 conventional 2-D electrophoresis, where fragments are separated 
simultaneously. Firstly, because fractions are detected sequentially, a 
sensitivity detector can be incorporated into the instrument. Secondly, the 
separation is automated; once the sample is injected, there is no further 

operator intervention. 

15 The interface between the two columns is key to the 

performance of the system. Jorgenson has demonstrated an elegant flow- 
gated interface to couple a liquid chromatography column with a capillary 
electrophoresis column (Hooker, T.F. and Jorgenson, J.W. Anal Chem. 69, 
4134-42 (1997); Lemmo, A.V. and Jorgenson, J.W. Anal Chem. 65, 1576-81 

20 (1993)). This interface uses a cross-flow of buffer to control injections of the 
eluted chromatographic fraction into a capillary zone electrophoresis (CZE) 
column. The effluent continually migrates from the HPLC capillary and is 
swept to waste by the cross-flow in the interface. To inject a fraction into the 
CZE capillary, the cross-flow of buffer is halted and a slug of HPLC effluent 

25 forms in the interface. Potential is applied from the buffer vial across the 
CZE capillary to the detection end of the capillary, which injects the HPLC 
effluent into the electrophoresis column. Electric field is applied across the 
electrophoresis capillary to separate the injected components. To avoid 
continuous injection of the HPLC components during the electrophoresis 

30 step, buffer flows through the interface, sweeping HPLC effluent to waste. 
Note that the flow-gated detector throws away most of the HPLC effluent, 
which is washed downstream to waste, and this leads to wastage of a large 
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QTMMAWY OF THF INVENTION 

The present invention provides an apparatus and method 
to obtain high resolution separation and high sensitivity detection of 
5 proteins and other components contained in biological samples. 

Other features and advantages of the present invention 
will become apparent from the following detailed description. It should be 
understood, however, that the detailed description and the specific 
examples while indicating preferred embodiments of the invention are 

10 given by way of illustration only, since various changes and modifications 
within the spirit and scope of the invention will become apparent to those 
skilled in the art from this detailed description. 

In accordance with a first aspect of the present invention, 
there is provided an apparatus to provide separation and detection of 

15 components within a sample, the apparatus comprising a first separation 
means, an interface means, and a second separation means wherein the 
interface means links the first separation means and second separate means 
and a detector for detecting components subjected to the apparatus. 

The apparatus can include a first high voltage power 

20 source connected across the first separation means and a second high 
voltage power source connected across the second separation means. 
Further, the first separation means can be a capillary electrophoresis system 
and the second separation means can be a sieving electrophoresis system. 

Another aspect of the present invention provides an 

25 apparatus for providing high sensitivity detection of components of 
biological samples, the apparatus comprising: a first and second separation 
means, each selected from the group consisting of: isoelectric focusing 
electrophoresis systems, SDS polyacrylamide gel electrophoresis system, a 
free solution electrophoresis system, a micellar electrokinetic 

30 chromatography system, a reversed phase liquid chromatography system, a 
normal phase chromatography system, an ion exchange chromatography 
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system, and a size exclusion chromatography system; an interface chamber 
in which components separated according to said first means are mixed 
with a derivatizing agent prior to subjection to said second separation 
means; one of a first power supply and a first pump to perform the first 
separation means, and one of a second pump and a second power supply to 
perform the second separation means; and a detector. 

Advantageously, the apparatus includes a plurality of first 
separation means, a plurality of second separation means, and a manifold 
providing a plurality of interface regions, each interface region providing an 
interface between a respective one of the first separation means and a 
respective one of the second separation means. 

The manifold can comprise an inlet, for connection to 
buffer reservoirs and valve means permitting selective connection to a 
desired buffer reservoir; a channel network connecting the inlet to the 
plurality of interface regions, wherein each interface region comprises a port 
for connection to a respective one of the first separation means, a port for 
connection to a respective one of the second separation means and a third, 
waste port. 

A further aspect of the present invention provides a 
method of separating and detecting components in a sample, the method 
comprising subjecting said sample to an apparatus which consists of high 
resolution separation and high sensitivity detection of components within 
a sample, the apparatus comprising a first separation means, an interface 
means, a second separation means and a detector for detecting components 
subjected to the apparatus, wherein the interface means links the first 
separation means and the second separation means, the method comprising 
passing the biological sample through the first separation means to achieve 
a first separation, passing the sample out of the first separation means into 
the interface means, separating the sample into fractions with the interface 
means, and separately passing each fraction through the second separation 
means. 

The method can include providing an electric field across 
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each of the first separation means and the second separation means with a 

high voltage power source. 

Yet another method provided by the present invention 
comprises providing high solution separation and high sensitivity 
5 detection of components in biological samples, the method comprising: 

(a) passing a biological sample through a first separation 
means selected from the group consisting of: isoelectric focusing 
electrophoresis systems, SDS polyacrylamide gel electrophoresis system, a 
free solution electrophoresis system, a micellar electrokinetic 

10 chromatography system, a reversed phase liquid chromatography system, a 
normal phase chromatography system, an ion exchange chromatography 
system, and a size exclusion chromatography system; 

(b) passing the sample out of the first separation means 
and separating the sample into fractions; 

15 ( c ) passing each fraction separately through a second 

separation means selected from the group consisting of: isoelectric focusing 
electrophoresis systems, SDS polyacrylamide gel electrophoresis system, a 
free solution electrophoresis system, a micellar electrokinetic 
chromatography system, a reversed phase liquid chromatography system, a 

20 normal phase chromatography system, an ion exchange chromatography 
system, and a size exclusion chromatography system; 

(d) detecting components of the sample leaving the 
second separation means with a detector, wherein the method includes 
applying voltages across said first separation means and said second 

25 separation means. 

The method can further comprise providing a plurality of 
first separation means and a plurality of second separation means and a 
plurality of interface means, with each interface means providing a link 
between a respective one of the first separation means and respective one of 

30 the second separation means, and wherein the method further comprises, 
for each of the first and second separation means linked by a respective 
interface means, passing a biological sample through the first separation 
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means to achieve a first separation, passing the sample out of the first 
separation means into the respective interface means, separating the sample 
into fractions with the interface means and separately passing each fraction 
through a second separation means. 

Then the method can include providing all the interface 
means in a common manifold, providing the manifold with an inlet, for 
connection to buffer reservoirs, a valve means permitting selective 
connection to a desired buffer reservoir, a channel network connecting the 
inlet to the plurality of interface regions, providing each interface region 
with a port connected to a respective first separation means, a port 
connected to a respective second separation means and a third, waste port, 
wherein the method comprises providing a plurality of buffer reservoirs 
connected to the inlet of a manifold and operating the valve means to 
connect a selected buffer reservoir to the manifold, whereby the same buffer 
reservoir is connected to all the interface regions and similar processing 
steps occur simultaneously in the interface regions. 

The method can also include providing a planar surface 
with a plurality of immobilization sites for capturing cells, providing the 
first separation means with capillary tubes having inlet ends and mounting 
the inlet ends in an array corresponding to the location of immobilization 
agents on the planar surface, and wherein the method further comprises 
providing a biological sample on the planar surface, whereby at least one 
cell is captured by each immobilization agent site, aligning the inlet ends of 
the capillary tubes of the first separation means with the immobilization 
agent sites, and drawing the cells into the capillary tubes of the first 
separation means, for effecting a first separation in each capillary tube. 

Finally, a further aspect of the present invention provides 
a manifold for use in separation and detection of components for the 
sample, the manifold comprising an inlet, for connection to buffer 
reservoirs and valve means permitting selective connection to a desired 
buffer reservoir; a channel network connecting the inlet to a plurality of 
interface regions; wherein each interface region comprises a port for 
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connection to a first separation means, a port for connection to a second 
separation means and a third, waste port. 

WRIFF DESCRIPTIO N! OF THE DRAWINGS 

The invention will be better understood with reference to 
5 the drawings which show preferred embodiments of the present invention 
and in which: 

Figure 1 shows a schematic representation of an 

instrument of the present invention; 

Figure 2 shows a schematic representation of a flow 
10 interface of fluids in an instrument of the present invention; 

Figure 3 shows a raster image to generate a two 
dimensional image of data from an instrument of the present invention; 

Figure 4 illustrates a schematic representation of a multi- 
capillary version of an instrument of the present invention; and 
15 Figure 5 shows a perspective view of a 2-D sheath flow 

cuvette detector. 

DESCRIPTION QE THE PREF ERRED EMBODIMENTS 

The present invention provides an apparatus and method 
to obtain high solution separation and high sensitivity detection of proteins 

20 or other components contained in biological samples. According to this 
embodiment of the present invention, there is provided a first dimension 
separation, preferably performed by capillary electrophoresis or by 
chromatographic means. According to the invention, this first separation 
technique divides the sample into a number of fractions where each 

25 fraction may contain one or more components. 

The invention further provides that each fraction is 
directed to an interface chamber. Once the fraction is introduced into the 
interface, flow is interrupted from the first-dimension separation means 
and the component(s) within each fraction are mixed with a derivatizing 

30 reagent, preferably a fluorescent-labelling reagent. Once labelled, the 
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component(s) are then subjected to a second-dimension separation. This 
second-dimension separation means, further separates the components 
within the fraction from the first-dimension separation means. According 
to a preferred embodiment, the two separation means should separate 
5 components based on different properties of the components. Classically, 
isoelectric focusing and SDS-polyacrylamide gel electrophoresis are used to 
separate proteins; the isoelectric focusing technology separates proteins 
based on differences in their isoelectric point while gel electrophoresis 
separates components based on size. Alternatively, an electrophoresis 

10 technique such as SDS-polyacrylamide gel electrophoresis, isoelectric 
focusing, isotachophoresis, or free solution electrophoresis could be 
combined with a chromatographic separation technique such as reversed 
phase chromatography, normal phase chromatography, or ion exchange 
chromatography. In general, an electrophoresis technique is preferred for 

15 the first- dimension separation because its flow can be stopped quickly 
simply by removing the electric field across the capillary. In contrast, 
chromatographic systems require a long time to depressurize, and their flow 

is much more difficult to stop. 

Components are detected as they migrate or elute from the 

20 end of the second-dimension separation means, which is preferably a 
column. Laser-induced fluorescence is preferred, but other techniques such 
as absorbance, chemiluminescence, electrochemical, or mass spectrometric 
may be used. Fluorescence and mass spectrometry are believed to be an 
advantageous combination; fluorescence provides high sensitivity and 

25 mass spectrometry provides additional information to assist in the 
identification of unknown components. Component(s) that migrate or 
elute from the first-dimension separation means are derivatized for 
detection (preferably fluorescently labelled) before analysis by the second 
separation means. That approach is most useful when the second 

30 dimension separation means does not discriminate significantly between 
components with one or more label attached; it is difficult to control the 
extent of labelling with high precision. As an alternative, a labelling reagent 
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can be added after the second dimension separation column but before 
detection. Post-column reactions are less desirable because more reagent is 
required, as components are separated by the second-dimension separation 
means can remix within the post-column reaction chamber. Also, the 
5 reaction time is often limited in post column reactors because the flow is 
not interrupted; as a result, the reaction is not as efficient, less fluorescent 
product is generated, and sensitivity is lower. Finally, the reaction reagents 
are present in the detector with the sample, leading to higher background 
signal; the second-dimension separation column separates reagent and 

10 products with the method described above. 

This preferred embodiment of the invention uses 
isoelectric focusing electrophoresis and sieving electrophoresis as the two 
separation means. While others can be used, this combination is most 
familiar to the biochemical community in the classic slab-gel format for 

15 analysis of protein mixtures. Those skilled in the art will readily appreciate 
that other separation techniques can also be used. For example, the 
techniques of SDS-gel, free zone electrophoresis, isoelectric focusing, 
normal phase chromatography, reversed phase chromatography, ion 
exchange chromatography, or size exclusion chromatography can be 

20 combined in any combination, preferably with an electrophoretic first 
dimension. 

Single Cell Analysis 

The inventors have been involved in single-cell analysis 
for the past three years. Most of their work has focused on the analysis of 

25 oligosaccharide metabolizing enzymes Q.Y. Zhao, et al. Glycobiology 4, 239- 
242 (1994); Zhang, Y. et al. Anal. Biochem. 227, 368-76 (1995); Le, X.C. et al. /. 
Chromatogr. 716, 215-20 (1995); Chan, N.W.C. et al. Glycobiology 5, 683-88 
(1995); Le, X.C. et al. /. Chromatogr. 781, 515-22 (1997); Le, X.C. et al. 
Glycobiology, in press). In these experiments, the inventors have developed 

30 efficient technology to inject a single eucaryotic cell into a fused silica 
capillary, followed by lysis and electrophoretic analysis of the cell's content 
with high sensitivity laser-induced fluorescence detection. 
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The inventors have used an Olympus inverted microscope 
in their experiments, equipped with a set of x-y-z hydraulic 
micromanipulators. A transparent capillary holder has been constructed 
and interfaced with the manipulators. This holder allows the observation of 
5 the cell by transmission microscopy while placing the capillary over the cell. 
This capillary holder has features that allow the simple injection of a cell 
onto the capillary, a buffer reservoir for electrophoresis, and a pressurized 
chamber to flush the capillary with a sodium hydroxide solution between 
runs. 

10 A drop of cell suspension in phosphate-buffered saline 

solution is placed on a microscope slide. Cells are observed with an inverted 
microscope in phase-contrast mode. Once a cell is selected for analysis, 
micromanipulators are used to lower a capillary (20 mm diameter) with a 
flat tip over the cell. A computer-controlled pulse of vacuum is applied to 

15 the distal end of the capillary, which reproducibly draws the cell and a small 
slug of supernatant solution into the capillary. Based on the migration time 
of fluorescent components of the cell, it is estimated that injection draws 
the cell about 0.5 mm into the capillary with a relative precision of 0.05 mm. 

Once the cell is drawn into the capillary, the cell must be 

20 lysed to release its contents for further analysis. The capillary tip is placed in 
a buffer-filled vial, which was then placed in an ultrasonic bath. This 
method is quite efficient in lysing the cell. However, the transfer of the 
capillary and vial from the microscope to the ultrasonic bath is slow and not 
particularly reproducible. It is difficult to avoid the formation of a siphon 

25 during this transfer, which can displace the cell and its contents within the 
capillary. 

Human cancer cells are lysed within 30 seconds of contact 
with an SDS buffer. The action of the surfactant is rapid and reproducible. A 
10 mM SDS, 50 mM phosphate buffer was used for the separation. The 
30 capillary is filled with this buffer before the injection of a single cell. After 
injection of a cell, the surfactant quickly diffuses into contact with the cell 
during the incubation, leading to efficient lysis. 
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Single-cell proteome analysis has one disadvantage 
compared with flow cytometry: analysis of thousands of cells will be 
difficult. On the other hand, the huge amount of data generated from each 
cell will more than make up for the modest data acquisition rate. To 
5 optimize the value of information that is generated, a microscopic 
inspection of a biopsy will be performed and selected for subsequent 
proteome analysis in the first generation instrument. 

A fine-needle aspirant biopsy is spread on a microscope 
slide and viewed with an inverted microscope. The cells are often clumped 
10 when observed under the microscope. The cells are dispersed as a dilute 
suspension. It is important that the cells are not in close proximity, so that 
the position of adjacent cells is not disturbed by the selection process. Also, 
cellulose will be added to the suspension buffer to ensure that the cells do 

not move before injection. 

15 The microscope stage is provided with stepper-motor 

driven in micrometers. These micrometers are controlled with a joystick, 
so that a user can scan the image field in precise increments. A foot-button 
will be depressed to indicate the location of a cell that is to be analyzed. A 
computer will record the position of that cell. Once a set of cells has been 

20 chosen for analysis, an injection/electrophoresis program will be activated. 
This program will drive the micrometers so that each cell is moved, in 
succession, to the center of the field-of-view of the microscope. The cells are 
photographed with a CCD camera mounted on the microscope; the image is 
digitized and stored so that it can be used later for comparison with the 

25 proteome data. 

The cells are then treated with a DNA stain before 
inspection and the DNA content of the cell will be estimated based on 
fluorescence from the dye. The use of Hoesch 33342 fluorescent dye 
(Molecular Probes, Eugene, Oregon, USA) is preferred, which is permeant to 
30 living cells and which does not require that cells be fixed before staining. 
Also, the dye is only excited in the UV, so that no bleaching will occur 
during preliminary inspection with phase-contrast illumination. The 
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microscope will be equipped with a photomultiplier tube to measure 
fluorescence in a 10-um diameter region in the center of the microscope's 
field-of-view. 

The micrometer position will be automatically adjusted to 
5 maximize fluorescence from the cell, ensuring that the cell is precisely 
centered in the field-of-view. In our microscope, the DNA stain is 
photobleached over a 1-minute illumination period. We anticipate that it 
will take 10 seconds to adjust the cell's position to maximize the 
fluorescence signal and capture the peak intensity. The DNA fluorescence 
10 will be used to determine the cell's ploidy. If appropriate, only cells with 
specific ploidy will be taken for subsequent injection into the 

electrophoresis capillary. 

Each cell that matches the specified criteria is injected into 
the separation capillary. Both flat-tipped and etched-tip capillaries have 

15 been investigated for injection. The capillary will be positioned precisely 
over the center of the field of view of the microscope, which will 
correspond to the location of the cell of interest. The capillary will be 
lowered to the microscope slide to surround the cell. A solenoid at the 
distal end of the capillary will be opened for 1 second, exposing that end of 

20 the capillary to the house-vacuum and drawing the cell into the capillary. 
Of course, for multiple capillaries (detailed below) all other capillaries and 
reservoirs will have their flow blocked at this point to ensure successful cell 
injection. 

The individual capillary or group of capillaries will then be 
25 moved to a set of buffer reservoirs. If the cell was pretreated with FQ to 
label cytoplasmic proteins for 1-D electrophoresis of if the cell is to be 
subjected to 2-D electrophoresis, the first reservoir will contain only a 
TWEEN-20 solution to lyse the cell. Unlike SDS, the non-ionic detergent 
does not interfere in subsequent isoelectric focusing electrophoresis. If all 
30 the cell's proteins are to be labelled on-column before a 1-D separation, the 
first reservoir will contain both the lysing reagent and the derivatizing 
reagents. A nanoliter of this solution will be injected into the capillary, and 



WO 00/57170 PCT/CAOO/00251 

-16- 

cell lysis is expected to be complete within 30 seconds. The capillary tip will 
then be placed in an appropriate running buffer. If 1-D free-solution 
electrophoresis is performed, that buffer will be a basic SDS-phosphate 
buffer. If capillary isoelectric focusing is the first dimension of a 2-D 
5 analysis, then an acidic anolyte will be used as the buffer. 

Once the separation is complete, the next cell will be 
moved to the microscope's field-of-view, a photograph will be taken, 
fluorescence will be measured, and the cell will be analyzed by 
electrophoresis. The procedure will be repeated for all of the cells that were 
10 specified by the pathologist. To prevent evaporation of the cell suspension 
buffer, the cell chamber will be kept in a constant humidity chamber. 
Single Capillary Embodiment 

Referring first to Figure 1, there is shown an apparatus 10, 
including first dimension separation column 12 and a second dimension 

15 separation column 14. In known manner, the two separation columns 12, 
14 are capillaries, with an internal diameter of 10 to 75 Jim. 

The first dimension separation 12, as noted above, uses 
isoelectric focusing. For this purpose, the column 12 is filled with a mixture 
of ampholites. A first high voltage source 16 is connected, as indicated at 18 

20 to one end of the column 12 and as indicated at 20 to an interface 22. The 
interface 22 is detailed further below, and is connected to both the columns 
12, 14 as shown. 

A second high voltage source 24 is connected to the 
interface 22, as indicated at 26, and as shown at 28, to the other end of the 
25 second dimension column 14. 

The interface 22 is shown in detail in Figure 2 and is 
constructed from an inert, non-conducting material, such as a high quality 
plastic. Four holes 30 are machined in the plastic and are connected by bores 
32 to form a cross configuration. As indicated schematically, the holes are 
30 preferably equipped with a ferrule system or some other means of sealing 
the capillary tubing in place. The dimensions of the holes 30 and bores 32 
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should be small, with holes 30 being preferably less than 1 mm in diameter 
and the bores 32, 0.2 mm in diameter. The capillary columns 12, 14 are 
shown schematically in Figure 2, connected to the high voltage sources 16, 
24. The connections 20, 26 of the high voltage sources are shown here 
5 connected to a drain or waste line 34 for a buffer solution, that is also being 

shown in Figure 1. 

A buffer inlet 36 is connected to pneumatically controlled 
switching valve 38, which can be switched between four positions. Three of 
these positions provide a connection to one of three buffer reservoirs 40, 42 

10 and 44. A fourth position connects the valve 38 to a blocked flow port 46. 

The buffer reservoirs 40, 42 and 44 are placed above the 
pneumatic valve 38, so that flow from the buffer reservoirs can pass 
through the interface 22 by gravity. The valve 38 is pneumatically switched 
to avoid electric shock hazard from the potential applied during the 

15 electrophoresis steps. Similarly, the buffer reservoirs 40, 42 and 44 should be 
enclosed safely in an interlocked equipped chamber to avoid accidental 
contact during the electrophoresis steps. 

In the apparatus 10, a sample is injected by placing it in 
solution in contact with one end of the capillary 12 and applying a brief 

20 electric field pulse. Alternatively, pressure may be used to fill a portion of 
the capillary 12 with sample. Once the sample has been applied, the sample 
is replaced with a running buffer (not shown) and electric field is applied by 
the source 16 across the first-dimension separation column 12; separation is 
thereby performed. According to the technique of isoelectric focusing which 

25 is known by those skilled in the art, the capillary 12 is filled with a mixture 
of ampholites which are complex mixtures of compounds with both weak 
acid and weak base functional groups. Ampholites can be mixed with the 
sample and the mixture used to fill the capillary 12. Alternatively, they can 
be used to fill the majority of the capillary and the sample may be injected 

30 later. 

Once the capillary 12 is filled with sample and ampholites, 
the sample-end of the capillary is replaced with a sodium hydroxide (or 
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other appropriate base) solution, as the running buffer, and the interface 22 
is filled with phosphoric acid (or other appropriate acid) solution from an 
appropriate one of the reservoirs 40, 42 and 44. The anode of the high 
voltage power supply 16 is connected to the acid end and the cathode is 
5 connected to the base end. A sufficient amount of voltage is applied to 
cause a pH gradient to form in the capillary 12. The proteins contained in 
the sample(s) move to a location on the capillary where the pH equals the 
protein's isoelectric point. The achievement of focusing is correlated with a 
drop of current across the capillary; when the current reaches about 10% or 

10 less of its initial value, the voltage supply 1 is turned off. 

During the isoelectric focusing step, the interface 22 is filled 
with acid solution from reservoir 40 (Figure 2). To minimize the build-up 
of electrolysis products, this acid solution can flow continuously at a low 
rate (less than 10 mL/hour) during the isoelectric focusing step. Electric field 

15 is applied across the isoelectric capillary 12. 

Mobilization of fraction to interface 

The separated fractions are successively mobilized from 
the first dimension separation capillary into the interface. While several 
methods to mobilize the focused proteins will now be described, it will be 

20 readily apparent to those skilled in the art that these methods are in no way 
limited to those described. Other effective methods of mobilization are also 
with the scope of the present invention. 

First, in according to a preferred embodiment, the interior 
of the first dimension separation capillary 12 is coated with a neutral 

25 material to reduce electro-osmosis and to reduce adsorption of proteins to 
the capillary interior. In this case, the proteins can be mobilized from the 
first dimension separation capillary by several means. For example, low 
pressure can be applied to the sample end of the first dimension separation 
capillary. In a basic approach, the sample end of the first dimension 

30 separation capillary may be raised by several centimetres above the level of 
the interface 22 and gravity will create a siphon to cause the sample to flow 
from the first dimension separation capillary into the interface 22. The 
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sample end of the first dimension separation capillary 12 can be lowered to 
cause the flow to cease after the appropriate fraction of the first dimension 
separation capillary's contents have flown into the interface 22. It is 
desirable to apply electric field during this step to keep the proteins focused 
5 in sharp bands. The electric field can be removed once the aliquot has been 
delivered to the interface 22. 

According to an alternative embodiment, a chemical 
means can be used to urge a fraction of the first dimension separation 
capillary's contents into the interface. According to this embodiment, the 
10 acid-containing solution at the interface end of the first dimension 
separation capillary 12 is replaced with an appropriate basic buffer made 
from for example, a dilute sodium hydroxide solution. This change in pH of 
the solution causes the contents of the capillary to migrate toward the 
interface when an electric field is applied across the first dimension 

15 separation capillary. 

According to yet another embodiment, if the interior of the 
first dimension separation capillary 12 is not treated with a neutral coating, 
then electro-osmosis will drive analyte from the capillary during the 
focusing step. According to the embodiment, the polarities would be 

20 reversed in figure 1 to ensure that the interface is at basic pH. 

Once isoelectric focusing is completed, it is necessary to 
mobilize and label fractions from the isoelectric focusing capillary. A basic 
buffer is mixed with fluorescent derivatizing reagent (most derivatizing 
reagents require basic buffers) and is placed in the buffer reservoir 42. The 

25 interface should be flushed with the basic buffer/labelling reagent and then 
the flow from the reservoirs 40, 42, 44 should be blocked; no flow is desired 
during the step where fractions are mobilized from the isoelectric focusing 
capillary. Electric field is applied across the isoelectric focusing capillary for a 
short period (500-5000 V for 1-10 seconds), driving a fraction from the 

30 isoelectric focusing capillary into the interface to mix with the derivatizing 
reagent. Once the fraction has been introduced to the interface, the electric 
field is turned off. 
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Regardless of the method used, once a predetermined 
portion of the first-dimension separation column has migrated to the 
interface 22, removal of the electric field from high voltage supply 16 will 
terminate flow. Each aliquot or fraction that is transferred to the interface 
22 would have a volume that is between about 0. 1% and about 5% of the 
volume of the capillary. Larger volumes result in mixing of components 
that migrate from the first dimension separation column while smaller 
volumes result in the analysis of many samples with a corresponding 
increase in total analysis time. 

Labelling of fraction 

Once the fraction of the first dimension separation 
capillary has been introduced to the interface, a plug of an appropriate 
derivatizing reagent is introduced into the interface. By appropriate 
derivatizing agent it is meant that the reagent reacts with the material 
separated by the first dimension separation capillary. For the analysis of 
proteins, this reagent could be 3-(2-furoyl)quinoline-2-carboxaldehyde (FQ), 
fluorescein sulfonyl chloride, ortho-phthaldialdehyde, or the like. 
Alternatively, if the compound is fluorescent, derivatization will not be 
necessary. It usually will be convenient to control the temperature of the 
interface; often, the interface should be heated to speed the reaction. Other 
derivatizing agents will be known to those skilled in the art. 

The temperature of the interface can be increased to 50 °C 
to increase the speed of the fluorescence derivatizing reaction. Either the 
entire interface can be heated or just the portion corresponding to the 

intersection of the two holes. 

Once the fluorescent derivatizing reaction is complete, the 
labelled sample must be injected into the SDS-gel capillary 14. Electric field 
is applied to the detection end of the SDS-gel capillary by the electrode or 
connection 28. The second electrode or connection 26 is in contact with the 
waste outlet 34 of the interface 22. Stacking occurs during injection. Most, if 
not all, of the labelled fraction from the isoelectric focusing capillary 12 is 
injected into the SDS-gel capillary 14 as a narrow plug. 
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Once the derivatizing reaction is complete, the interface's 
contents should be applied by injection or other appropriate means to the 
second dimension separation capillary. 

Second Dimension Separation 

5 Once the sample has been applied to the second dimension 

separation capillary 14, the interface 22 is preferably flushed with an 
appropriate separation buffer which is used in the second dimension 
separation. According to a preferred embodiment, this buffer is 5 mM 
HEPES containing 5 mM SDS (pH 8), again supplied from an appropriate 

10 one of the buffer reservoirs 40, 42 and 44. 

The second dimension separation is performed by sieving 
electrophoresis. According to this embodiment, the capillary 14 is filled 
with an inert polymer. Those skilled in the art will appreciate what are 
appropriate polymers and that they include polymers such as 

15 polyacrylamide, dextran, or the like. Dextran is preferred because it has 
relatively low viscosity and can easily be pumped into and out of the second 
dimension separation capillary to rejuvenate that column as needed. 
Sieving electrophoresis is performed in the presence of a charged surfactant 
such as sodium dodecyl sulfate (SDS) or the like. This surfactant binds to the 

20 protein at the rate of roughly 1.4 g SDS to 1 g protein. This surfactant 
swamps the charge of the protein, creating a uniform charge along the 
protein length. When the protein passes through the sieving polymer-filled 
capillary, the migration time of the protein is proportional to the logarithm 
of molecular weight, with small proteins migrating first and larger proteins 

25 migrating later. 

Once the sample is injected into the SDS-gel capillary, the 
SDS-gel buffer is passed through the interface from buffer reservoir 44. This 
buffer should flow at a low rate (less than 10 mL/hour) during the SDS-gel 
electrophoresis separation to minimize build-up of electrolysis products. 
30 High voltage is applied across the SDS-gel capillary to separate the 
fluorescently labelled proteins. 

Separation is achieved by applying a potential across the 
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second dimension separation capillary 14 from the high voltage source 24. 
Preferably, at this time there is no potential across the first capillary 12. 
Proteins, or other components, that migrate from the second dimension 
separation capillary 14 are according to a preferred embodiment detected 
5 with a high sensitivity fluorescence detector (not shown). Other detection 
methods include absorbance, electrochemical, radiochemical, or mass 

spectroscopic means. 

In this preferred embodiment detection will be achieved by 
a high sensitivity laser-induced fluorescence detector. This detector would 
10 be built from a sheath flow cuvette (Wu, S., Dovichi, N.J., Journal of 
Chromatography 480, 141-155 (1989)). Preferably, the laser wavelength 
should match the excitation wavelength of the labelled analyte and the 
emission wavelength should match the emission characteristics of the 
labelled analyte. 

15 Upon completion of the SDS-gel separation, the capillary 

14 should be flushed with fresh sieving media. The pneumatic valve 38 is 
turned to the blocked position 46, and fresh media should be pushed 
through the capillary from the detector. 

A new fraction from the isoelectric focusing capillary 12 is 
20 mobilized into the interface, labelled, and separated by SDS-gel 
electrophoresis. This process is repeated until the entire contents of the 
isoelectric focusing capillary 12 have been analyzed. 

Computer Reconstruction 

The data resulting from the invention consist of sets of 
25 SDS-gel electropherograms: each electropherogram from successive 
fractions of the isoelectric focusing capillary. According to a preferred 
embodiment, these data can be presented as a raster image to generate a 2- 
dimensional map of proteins from the sample. 

This is shown in Figure 3, where sample injection is 
30 shown at 50 and a detector at 52. The columns 12, 14 and interface 22 bear 
the same reference numerals. At 54, there is shown a schematic two- 
dimensional computerized reconstruction. 



~ PCT/CAOO/00251 
WO 00/57170 

-23- 

Laser-induced fluorescence detectors are used. These 
detectors, based on a sheath flow cuvette, provide good sensitivity. We use 
a 10-mW argon-ion laser beam at 488 ran for excitation; these lasers are 
reasonably rugged and provide good beam quality. 

The instrument will be equipped with a two-colour 
fluorescence detector. This detector uses a dichroic filter to split 
fluorescence into two spectral bands. An interference filter is used to isolate 
fluorescence from FQ-labelled proteins in a 30-nm band centered at 630 nm. 
A second spectral channel will monitor fluorescence in a 25-nm band 
centered at 525 nm from fluorescein-labelled proteins. Fluorescence from 
the fluorescein-labelled internal standard proteins will be used as markers 
in the 2-D separation to correct for drift in migration times during and 
between assays. 

Informatics will be a significant issue. Flicker, supplied by 
the National Institute of Health (USA), is public domain software that has 
been developed to visually compare 2-D electropherograms. For 
preliminary identification of proteins with significantly different expression 
levels in different samples, we will correct migration patterns based on the 
appearance of the fluorescein-labelled standard proteins. We will then 
convert the data to a GIF format and compare files using Flicker. 

The QUEST (Monardo, P.J., Boutell, T., Garrels, Jl, Latter, 
Gl, Computer Applications in the Biosciences, 10, 137-143 (1994)) and Visage 
(distributed by MAYA Design Group, Pittsburgh, PA, USA) systems have 
also been developed for 2-D gel analysis. However, for quantitative 
identification of those components that differ between samples, Matlab, 
supplied by The Mathworks, Inc., Natick, Massachusetts, USA, is used to 
build our own image processing software. After migration patterns have 
been corrected based on the migration of standard proteins, a peak-finding 
algorithm will be used to locate and quantify each protein peak. 

The concentration of each component will be measured 
and recorded from several samples, and the average and standard deviation 
of each protein's concentration will be determined. Last, a simple Student's 
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t-test or a Behrens-Fisher t-test will be used to identify those proteins whose 
concentration varies significantly between samples (Robinson et al. 
Electrophoresis 16, 1176-83 (1995)). 

The 2-D capillary electrophoresis system will be used to 
5 analyze small amounts of proteins. Mass-spectrometric analysis of fractions 
will be difficult. To identify fractions, classic 2-D electrophoresis on a large 
cell extract is simultaneously performed. The same fluorescent protein 
markers used in the capillary system will be added to the sample. These 
fluorescent proteins will be used to normalize migration times so that the 

10 capillary 2-D and the slab 2-D electrophoresis data can be directly compared. 
Components of interest will be isolated from the slab 2-D gel, analyzed by 
mass spectrometry, and co-injected with the sample in the capillary system 
to confirm the identity of the component in the capillary data. 
Multiple Capillary Embodiment 

15 Referring to Figure 4, a second embodiment of the 

apparatus is indicated generally by the reference 60. This includes the 
reservoirs 40, 42 and 44, the pneumatic valve 38 and the blocked flow port 
46 as for the first embodiment. 

In the second embodiment 60, a manifold 62 is provided, 

20 replacing the interface 22 for the single capillary pair operation of Figures 1 
and 2. As for the interface 22, the manifold 62 can be formed in plastic, glass, 
silicone or other suitable material. Conveniently, the manifold 62 is formed 
using photo lithographic techniques, to generate a set of channels, indicated 
at 64 to distribute reagents. The channel 64 can be from 10-200 micrometers 

25 in both width and depth. 

The manifold 62 provides a plurality of interface regions 
66, each having three connection ports, for connection to first and second 
columns and to a waste line. 

A single interface region 66 is shown enlarged on the right 

30 hand side of Figure 4. At the top, this region 66 includes an inlet 68 for a 
buffer or reagent from one of the reservoirs 40, 42 and 44. A connection port 
72 is provided for connection to a first capillary column 12, and a second 



WO 00/57170 PCT/CA00/00251 

-25- 

connection port 74 is provided for connection to a second column 14. A 
central port 76 is provided for connection to a waste outlet. 

Thus, each interface region 66 can function as the interface 
22 in the first embodiment. However, here, this multiple capillary detector 
5 60 can be used to analyze signals from an array of capillaries. There may be 
as many as 96, or some multiple of 96, capillary-systems (that is pairs of 
capillaries 12, 14) operated in parallel. 

Interface 

Operation of a multiple capillary system, except for specific 
10 system dependent differences, is analogous to that of the single capillary 
version, described in the Detailed Description of Example 1. Briefly, 
analytes are introduced to an isoelectric focusing capillary, acidic buffer is 
introduced to the interface region, and an electric field is applied across the 
capillary. Once the components are focused to their isoelectric point, the 

15 electric field is turned off. 

A fraction of the isoelectric focusing capillary's contents is 

mobilized by filling the interface region with basic buffer mixed with 

labelling reagent. An electric field is briefly applied across the isoelectric 

focusing capillary to mobilize a fraction to the interface. 
20 The temperature of the interface may be raised to a level 

sufficient to increase the rate of the fluorescent labelling reaction. Once the 

reaction is complete, the labelled molecules are applied to the SDS-gel 

capillary by creating an electric field across the SDS- gel capillary. 

Once the sample is applied to the SDS-gel capillary, the 
25 interface chamber is flushed with an appropriate buffer. Electric field is 

applied across the SDS-gel capillary to separate the components contained 

within the labelled fraction. 

The second aspect of a preferred embodiment of a multiple 

capillary version of the present invention is a multiple capillary 
30 fluorescence detector. According to this embodiment of the invention, the 

detector may be similar to that described in US patents 5,439,578; 5,584,982; 

5,741,412, or preferably 5,567,294, the contents of which are incorporated by 
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reference. 

For multiple capillary operation, an array of antibodies is 
prepared on a microscope slide. The immobilization technology will be 
based on classic microphotolithography. A clean microscope slide is coated 

5 with a thin layer of photo-resist. The resist is illuminated with UV light 
through a mask that has 96 spots, 5-um diameter, on 1-mm centers in an 8 x 
12 array. The opaque spots will shadow the photo-resist, preventing photo- 
polymerization at those regions. The illuminated resist will polymerize 
and the unpolymerized resist will be washed from the 96 spots. The slide is 

10 then treated with an aminopropyl-silane reagent, which covalently binds to 
the glass surface. The photo-resist is removed with organic solvents, 
leaving an 8 x 12 array of 5-um diameter pads of amino-propyl groups. 
Antibodies will be attached to the amino groups by use of classic 
diisothiocyanate chemistry. It is to be noted that other, and possibly better, 

15 choices of reagents could be made; for example, gold pads could be formed 
and antibodies immobilized by a thiol containing reagent. 

A cell suspension is flushed across the treated slide to 
capture 96 cells. The 5-um diameter pads are sufficiently small to ensure 
that a single eucaryotic cell will be captured at each pad. Once a cell has been 

20 captured, it will block adsorption of a second cell at that location. 

Many different antibodies could be used to select a surface 
marker, isolating and concentrating specific cells. This technique can be 
used to immobilize an antibody to human blood-group A. This antibody 
will capture HT29 cells, which express the antigen on their cell-surface. 

25 Other capture reagents, such as lectins and aptamers could be used. 

The microscope slide is held in a machined holder, which 
will locate the slide precisely on the microscope stage. Each pad will be 
sequentially centered in the field-of-view and a photograph will be taken 
using a CCD camera. The images will be stored for later inspection by a 

30 pathologist. Simultaneously, the UV fluorescence signal from each cell will 
be recorded to determine ploidy. We anticipate that 15 seconds will be 
required to image each cell, determine its ploidy, and move to the next cell; 
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less than 30 minutes will be required for the preliminary inspection of the 
cells. 

A capillary array holder will be manufactured to hold a 
bundle of 96 capillaries in exact registration with the antibody pads that are 

5 formed on the microscope slide. The array of capillaries will be placed over 
the microscope slide and lowered to capture one cell within each capillary. 
A 3-second pulse of vacuum will be applied to the distal end of each 
capillary to draw the cell within the tube, and cell lysis will be performed as 
in the single capillary instrument. 

10 The inventors have developed several high sensitivity 

multiple capillary fluorescence detectors for DNA sequencing, as disclosed 
in the U.S. patents identified above. The most recent form of detector is 
based on the 2-dimensional array of capillaries in a sheath flow cuvette. 

Referring to Figure 5, there is shown a 2-dimensional 

15 sheath flow cuvette 70. A laser 72 provides a laser beam that is passed 
through cylindrical lenses 74 and 76, to generate an elliptically shaped beam. 

The laser is an argon-ion laser. 

Radiation is collected end-on from the capillaries and 
passed through a camera lens 78, a bandpass filter 80, a prism 82 and further 

20 camera lens 84 to a CCD camera indicated at 86. This configuration shows 
that the fluorescence from each capillary is imaged onto a unique region of 
the camera chip. The prism 82 is included in the optical train to disperse 
fluorescence across the face of the camera, to enable recording of the 
complete spectrum from each capillary. The dispersion of the system is 

25 carefully tuned to ensure there is no spatial overlap of a fluorescence from 
each capillary. 

Fluorescence is dispersed in the region between adjacent 
capillaries. A prism is used rather than a grating for two reasons. Firstly, the 
low dispersion of the prism simplifies the design of the optical system, 
30 ensuring there is no overlap. Secondly, the prism does not generate higher- 
order spectra that would interfere with the spectrum from adjacent 
capillaries. 
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The detector of Figure 5 continually monitors fluorescence 
from all capillaries and at 28 wavelengths across the fluorescence spectral 
band. The system offers three significant advantages compared to 
alternative designs. Firstly, the use of one-to-one image optics and 

5 eliminates optical losses associated with a demagnifying imaging system; 
the latter is found when a large linear capillary array is imaged onto a 
smaller photodiode array. Secondly, there is no loss in sensitivity due to a 
low duty cycle associated with a scanning detector across the array; a 96 
capillary scanning instrument can observe fluorescence from any one 

10 capillary for no more than 1 per cent of the time. Thirdly, there is no loss in 
sensitivity due to sequential detection of fluorescence through a rotating 

filter wheel or prism array. 

Rather than recording the fluorescence from 28 
wavelengths simultaneously, fluorescence will be binned into two bands 
15 corresponding to fluorescein and FQ-labelled protein emission spectra. This 
binned data will occupy little computer memory. 

While the present invention has been described with 
reference to what are presently considered to be the preferred examples, it is 
to be understood that the invention is not limited to the disclosed 
20 examples. To the contrary, the invention is intended to cover various 
modifications and equivalent arrangements included within the spirit and 

scope of the appended claims. 

All publications, patents and patent applications are herein 
incorporated by reference in their entirety to the same extent as if each 
25 individual publication, patent or patent application was specifically and 
individually indicated to be incorporated by reference in its entirety. 
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CLAIMS: 



1 An apparatus to provide separation and detection of 
components within a sample, the apparatus comprising a first separation 
means, an interface means, and a second separation means wherein the 

5 interface means links the first separation means and second separate means 
and a detector for detecting components subjected to the apparatus. 

2 An apparatus of claim 1, which includes a first high 
voltage power source connected across the first separation means and a 
second high voltage power source connected across the second separation 

10 means. 

3 An apparatus as claimed in claim 2, wherein said first 
separation means is a capillary electrophoresis system and said second 
separation means is a sieving electrophoresis system. 

4 An apparatus for providing high sensitivity detection of 
15 components of biological samples, the apparatus comprising: a first and 

second separation means, each selected from the group consisting of: 
isoelectric focusing electrophoresis systems, SDS polyacrylamide gel 
electrophoresis system, a free solution electrophoresis system, a micellar 
electrokinetic chromatography system, a reversed phase liquid 

20 chromatography system, a normal phase chromatography system, an ion 
exchange chromatography system, and a size exclusion chromatography 
system; an interface chamber in which components separated according to 
said first means are mixed with a derivatizing agent prior to subjection to 
said second separation means; one of a first power supply and a first pump 

25 to perform the first separation means, and one of a second pump and a 
second power supply to perform the second separation means; and a 
detector. 
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5 The apparatus of claim 4, wherein said detector is a high 
sensitivity laser induced fluorescent detector. 

6 The apparatus of claim 5, wherein said first separation 
means is an isoelectric focusing electrophoresis system, and said second 

5 separation means is a sieving electrophoresis system. 

7 An apparatus as claimed in any preceding claim, which 
includes a plurality of first separation means, a plurality of second 
separation means, and a manifold providing a plurality of interface regions, 
each interface region providing an interface between a respective one of the 

10 first separation means and a respective one of the second separation means. 

g An apparatus as claimed in claim 7 wherein the manifold 

comprises an inlet, for connection to buffer reservoirs and valve means 
permitting selective connection to a desired buffer reservoir; a channel 
network connecting the inlet to the plurality of interface regions, wherein 
15 each interface region comprises a port for connection to a respective one of 
the first separation means, a port for connection to a respective one of the 
second separation means and a third, waste port. 

9 An apparatus as claimed in claims 7 or 8, which includes a 

two-dimensional sheath flow cuvette, wherein the second separation 

20 means includes a plurality of capillaries, mounted in a two-dimensional 
array in the two-dimensional sheath flow cuvette; a light source; an optical 
system for illuminating ends of the capillary tubes with radiation from the 
light source; and an optical collection system aligned with the ends of the 
capillary tubes, for collecting radiation and, the optical collection system 

25 optionally including a camera lens, a bandpass filter, a prism and a camera 
and being aligned axially with the ends of the capillary tubes. 



10. 



A method of separating and detecting components in a 



WO 00/57170 



-31- 



PCT/CA00/002S1 



sample, the method comprising subjecting said sample to an apparatus 
which consists of high resolution separation and high sensitivity detection 
of components within a sample, the apparatus comprising a first separation 
means, an interface means, a second separation means and a detector for 

5 detecting components subjected to the apparatus, wherein the interface 
means links the first separation means and the second separation means, 
the method comprising passing the biological sample through the first 
separation means to achieve a first separation, passing the sample out of the 
first separation means into the interface means, separating the sample into 

10 fractions with the interface means, and separately passing each fraction 
through the second separation means. 

n A method of claim 10, which includes providing an 

electric field across each of the said first separation means and said second 
separation means with a high voltage power source. 

15 12 . A method of claim 11, wherein said first separation means 

is a capillary electrophoresis system and said second separation means is a 
sieving electrophoresis system. 

13 a method of providing high solution separation and high 

sensitivity detection of components in biological samples, the method 
20 comprising: 

(a) passing a biological sample through a first separation 
means selected from the group consisting of: isoelectric focusing 
electrophoresis systems, SDS polyacrylamide gel electrophoresis system, a 
free solution electrophoresis system, a micellar electrokinetic 

25 chromatography system, a reversed phase liquid chromatography system, a 
normal phase chromatography system, an ion exchange chromatography 
system, and a size exclusion chromatography system; 

(b) passing the sample out of the first separation means 
and separating the sample into fractions; 
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(c) passing each fraction separately through a second 
separation means selected from the group consisting of: isoelectric focusing 
electrophoresis systems, SDS polyacrylamide gel electrophoresis system, a 
free solution electrophoresis system, a micellar electrokinetic 

5 chromatography system, a reversed phase liquid chromatography system, a 
normal phase chromatography system, an ion exchange chromatography 
system, and a size exclusion chromatography system; 

(d) detecting components of the sample leaving the 
second separation means with a detector, wherein the method includes 

10 applying voltages across said first separation means and said second 
separation means. 

14 a method as claimed in claim 13, which includes mixing 
the sample with a derivatizing agent in the interface means. 

15 The method of claim 15, wherein said detector is a high 
15 sensitivity laser induced fluorescent detector and wherein the derivatizing 

agent reacts with components of the sample to make the components 
fluorescent. 

16 xh e method of claim 15, wherein said first separation 
means is an isoelectric focusing electrophoresis system, and said second 

20 separation means is a sieving electrophoresis system. 

17 A method as claimed in any one of claims 10 to 16, the 
method comprising providing a plurality of first separation means and a 
plurality of second separation means and a plurality of interface means, 
with each interface means providing a link between a respective one of the 

25 first separation means and respective one of the second separation means, 
and wherein the method further comprises, for each of the first and second 
separation means linked by a respective interface means, passing a 
biological sample through the first separation means to achieve a first 
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separation, passing the sample out of the first separation means into the 
respective interface means, separating the sample into fractions with the 
interface means and separately passing each fraction through a second 
separation means. 

5 18 . A method as claimed in claim 17, which comprises 

providing all the interface means in a common manifold, and providing 
the manifold with an inlet, for connection to buffer reservoirs, a valve 
means permitting selective connection to a desired buffer reservoir, a 
channel network connecting the inlet to the plurality of interface regions, 

10 providing each interface region with a port connected to a respective first 
separation means, a port connected to a respective second separation means 
and a third, waste port, wherein the method comprises providing a 
plurality of buffer reservoirs connected to the inlet of a manifold and 
operating the valve means to connect a selected buffer reservoir to the 

15 manifold, whereby the same buffer reservoir is connected to all the interface 
regions and similar processing steps occur simultaneously in the interface 
regions. 

19 a method as claimed in claim 17 or 18, which further 

includes providing a planar surface with a plurality of immobilization sites 

20 for capturing cells, providing the first separation means with capillary tubes 
having inlet ends and mounting the inlet ends in an array corresponding to 
the location of immobilization agents on the planar surface, and wherein 
the method further comprises providing a biological sample on the planar 
surface, whereby at least one cell is captured by each immobilization agent 

25 site, aligning the inlet ends of the capillary tubes of the first separation 
means with the immobilization agent sites, and drawing the cells into the 
capillary tubes of the first separation means, for effecting a first separation in 
each capillary tube. 



A method as claimed in claim 19, wherein each 
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immobilization site is sized to retain a single cell. 

2i a manifold for use in separation and detection of 

components for the sample, the manifold comprising an inlet, for 
connection to buffer reservoirs and valve means permitting selective 
5 connection to a desired buffer reservoir; a channel network connecting the 
inlet to a plurality of interface regions; wherein each interface region 
comprises a port for connection to a first separation means, a port for 
connection to a second separation means and a third, waste port. 
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